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Technical Memorandum
INSTRUMENTAT.ION FOR DIGITAL SONAR DATA PROCESSING

by
C. F. Althouse, A. J. Hopkins

! {This memorerdum has been preparsd because the information heroin
is believed to be useful in this form to others in NEL and to a few
persons or activities ocutside of NEL.) This memorandum should not be
construsd as a report as its only function is to present for the
informeticn of others a emall portion of the work done on the sssociated
problem.
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INSTRUMENTATION FCR DIGITAL SONAR DATA FROCESSING

£ J -

i« Purpose.is to outline = broad and flexible program to mechanize and pro-
cess sonar Jdata using digital technigues. The methods will be elementary
but capable of expansion. They shall be accomplished dy commercially
avallable digital computer ocomponents. There shall be the very minimum of
enginearing required of a spscific component nature; rather, the taske will
involve the fitting togetker of the elements as purchased.

A very elementery application upon which to commence is the enchancement
of data of a scanning eomar thrpugh integration. Various storage elesments
have been employed in the past to attempt to achieve this end. Eowever,
thay have generally been seversly restricted in the range of integration.

In effect, the data is broken up into incremente which are determinable
from the'physical constants of the squipment. For any spplication of signi-
ficance over a broad area, it ic sasy to see that the numder of such increments
will be in the thousands. Therefore, a device such as a cathode ray tube has
been utilized extemsively for such applications. The major restrictions upon
its utility have been tho range and rete of integration it is capabdle of.

The next major improvemsnt appears to be a storage tube of thich several
ars undergoing study or test for applicability. Thess will be significant,
but vill still lack the inherent demand that an ultimate conversion to
numerics is eventually required in order to process the data by sutommtic
digital computers. When this stage 1s reached, it is conceivable to commence
the employment of more sophisticated methods of statisticel analysis.

It 18 not the purpose of the proposed work to become involved in the pro-
blems of the finer grain snalysis phase; rather, it is to convert to numerics
and study the feasibility of going further. An assessment of results after
the initial phase should de revealing.

The first task will entail the use of a CTFM sonar. The data is resolved
in a set of frequency analyzers which normally ars scamned and the output
displayed on a cathode ray tube. There will be no modification of this
operation. A separate paraliel scan will be msde of the analyzer filter
elements and comverted to a digital value and thence processed and displayed
indepsndently.

The basic element about which this instrumentation is to be centered is
2 commercial magnatic core memory unit. This unit has available 1092 words
in & serial manner. Each word is composed of eight paraliel digite. The
entire unit is self-contained including power supply and is 21 x 23 x 14 inches
in aize. It is completely transistorized and represaents a fairly ’‘stadle"”
point in design techunology. In other words, until new film type memory
elements are commercially practiosl, these core units will be in gquantity use.
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Functionally, the cors unit memory would sallow digital design techuiques to
be employed immediately. The form fector of such techniques as employed in
tha future may differ considersbly. Size will be greatly reduced. Speed
of operation may be improved considerably. However, from an engineering
point of view the present spesd of 20 microseconds per word cycle offars
enough range to make some progress in technigues possible. Even the present
size of the memory ie compatible with present squipment and methods.

With this particulsr core memory, it is possible to integrate over a
range of O to 256 with 1092 separate and individual integrators available in
21.84 milliseconds. This is many timss faster then necessery in a scanning
sonar application, so extensive computation and comparing could be achieved
in & practical application. For example, if the soner had a projsctor-
hydrophone bsamwidth of 3 degrees and if the range were broken up into 52
or less increments, a sector of 63 degrees could be coversd with thie unit.
There would bs no changes in the present analysis equipment or sonar operat-

ing paramesters.

The use of the 1092 integratore on the 63 degres sector would serve as a
basis for s technique trial over a largs enough area to be of significance.
An infinite rangs of "persistence” characteristics can be achiesved. For
oxample, in operation, the ampiitude of the signal is sampled and converted
to binary digits at each of the 52 range increments in a programmed sequence
until the twenty one 3 degree bsams have been scamned. This informstion can
be stored or sdded to indefinitsly, perhaps o long thet all of the integrators
become full. However, s numbar which can be of any valus up to 256 can be
subtracted from each of the integrators which would serve to give a controlled
pumeric decay characteristic. With some complication of equipment, each
indiwiduel integrator could be made acceseldble for reduction in value without
disturbing any of the others giving a selective erasurw characteristic.

This digital approach lsads to automatic detection which is extremely
easy to instrument. A cortain presssigned number can be set and compared with
the 1092 integrators, and the most elemsntary warning device employed to sense
the exceeding of this number.

The range of tho integrators and the esce of ssquencing allows much fresdom
80 that a program centered largsly upon the experimsntal rather than upon the
theoretical approach can be taken. Furthermore, the problem of such data
reduction is not without theoretical support in the field of radar. Much of
this high speed data can be extrapolated in terms of slower sonar constants.
This proposed instrumentation would allow the similar techniques to be applied
to sonar with the same philosophy but with immsnsely eimplified instrumentation
due both to reduced spesd and advanced technology.

The bdasic core memory unit would cost $19,000. A high-speed analogue
to digital converter and arithmetic units would cost about $8,000. Thus, a
wminimun expenditure of $27,000 would bs reguired to ensdbls a starting point to
be resched which would take advantsge of years of research and development in
the digital computer fleld in instrumentation. The timing is opportune, for




a point sppears to have bsen reached vhere the functional use of such
instrumentation will be wide spresd in industrial electronics snsbling
future operationsl device development to utilize further sdvances in “the

optimun mapner.

The magnetic memory unit will store 1092 worde of 8 parallel bits each.
This mesans there are 8 megnstic core matrix planes of 1092 cores each. The
alanes are 39 by 20 elemsnts each, The read-in and read-out gating is all
done within the unit; it is only necessary to provide losd and unloed
signals which are 2 microsecond pulses.

The inputs to the magnetic cores are on 8 parallel vires, one for each
matrix. Digitalized signal information is fed to these 8 inputs simultaneocusly
from an enalog to digital couverter and 8 flip flops. This is shown on the
block diagram of the swxiliery instrumentation in figure 1.

The outpute of the magnetic cores are aleo on 8 parallel vwires and need a
summing network for read-out, 8 reinsertion flip flope, and suitable gates
and sdding circuits to complete the unit for the proposed method of signal

processing.

The additionel cirouitry is commerically available apd will be purchased
in & package.

The M analyzer filters will be sampled, dut the ocutpute will be treated
in the following menner. The output of esch chammel will be rectified and
fad to & capacitor, the charge om this capacitor will be read-out and then
the capscitor will be dischargsd to prepare it for the next ssmple. .

The charasteristics of the memory unit proposed requires timing cycle of
at least 20 m seconds between loedings, or read-in, with altermate unloadings,
or read-out, 10 P ssconds after reed-in.

The 20 P second snalyzer samplie will be fed into am analog to digital
converter. ' This device will take the pulges from the amalyzer and couvert
them to digital informetion proportional to their amplitude. A commercially
available unit is planned for this fumction.

This output on 8 parallel vwires from the 8 imput flip flops is connected
through 8 "sdders”, with the reinmsert information, to the imput of the storage
unit. The outputs of the storsge unit, also on 8 parallel wires, are
connected through & suitadls summing metwork to the resd-out system, PPI,
recorder, ete.

The storage outputs ars also commscted to 8 more flip flops whose outputs
are fed into the aforemsntioned "sdders” and thence to the storsge unit. Thus
& sigomal, if it haa appeared once, will de read-cut and reinserted into the
memory indefinitely. All of the flip flops are cleared with a reset pulse
after each sample. The "adders" add the new digital pulse information from
the input flip flope to the old information, if smny, from the msmory output and
reingerts it at the old or new levels.
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BLOCK DIAGRAM OF AUXILIARY INSTRUMENTATION 131
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If this process were to continue indefinitely, the msmory would soom fill
up, unless clearsd. To prevent this, @ fixed amount of esignel may be
continually subtracted from the amount in the storage umit so that nom-
repetitive signale will die out. A subtract pulse is commected through an
"and* gate with the imput to the storage and then a manusl switch to an “or”
gate with ths cleasr pulse to the storsge output flip flops.

Operation of "Adder” Cirouite

The ovtpuls of the analog veoltage to digits convertor flip flops are
strictly binery "yes" or "mo" information.

The output of the reinsertion flip flops is also binary. Whether or not
these operate depends on the information in the memory. These outputs are
added in & one digit adder metrix.

The first sdder has four inputs and tvo cutputs. The inputs are designated
Aand X, Band B, The unit is arranged o that A * B s A - B produce a sum

fnhe vhich is fed to the storage unit. A - B produces s "carzy" pulse which
s comnscted to the next adder. This unit ond {Le 6 following it will have 5

inputs, designated A, X, B, B, and C. U is gensrated intermally. The umit ie
g0 arranged that & sum pulse is produced if the following pulses ars prssent,

?5’5, §BU, XBCand ABC. A carry pulse ocours if AB, BC or AC is present,
or ABC).

By this method, 1f a sigml keeps repeating, it is gredually moved up
through the register increasing the probebility of it being & trus target.

TRUTH_TABLE FOR ADDER 10GIC

AKX BB ¢ C SUMAB)oC C' CARRY
10 10 10  § 1
¢ 3 320 190 0 1
10 61 189 G 1
¢ 31 063 10 1 0
10 106 o1 0 1
02 10 01 1 0
106 01 01 1 0
02 3% o 1 0 0
0:0%0 1-0=1 1:130 ¢
NOTATION: (*) indicates “apd”
(s) indicates "or"

AB is also A°B
The required resolution should be based upun the use of a 3 degree beam and a

)3”‘ moan renge of 300 yards. The range resolution to
make ac approximate square at this rangs is 15 yards

' on a @ide. If then 600 yards or doudle the meen is

‘ to represent the maximum renge and 450 yards 1s to
' be displayed, a minimum of 300 channels is necessary.
If a 50 chamnel analyzer is used, & resulting range
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resolution of 9 yards vesulte, with a mean range of 150 yards. Either of
theee values appear to be a rsasomeble numbsr for comsideration.

If 50 of the 52 availeble chamnels are used and allowed to £ill the memory
over a 63 degree sector, then

i%aelbeue,owhof3&egnea

cen be processed, Also the socam rute of 6 rpm or 360 degress in 10 seconds
or 36 degrees per second means en integratiocn interval of 1/12 second 1is the
maxizmm toleradble at this speed, since it takes that length of time to
mechanically position the beam ons bsamwidth. If the integration tims is
longer, the response will not bds full amplitude. For & 50 chammel system
vorking on a 1500 cycle bend, the bandpase 18 30 cycles per chamnel for a
buildup time of 1/30 secomd which is within the limit.

The data presented to thc cors memory will be 21 sequential beam widths or
s 63 degree sector. Ths output of each filter chammel will be reotified, and

detected.

UV —»'R } Q=avATN

RC 2~1/30 second

Thia output ehall be made availadis to a seguential switch which combines the
50 individual respanses. If the bulldup tims is 1/20 second and the decay times
equal, the total filter respomnse time is 1/15 sscond assuming & oycls of cycle
dynamic respomse filter characteristioc.

One fundamsntal variation from conventional technigues of frequency
snelyzers ag ueed In FM sonar will be used. The data to De presented to the
oors memory will be discretely "compartmentalized”. This mesna there will be
capacitor integration but the charging capmoitor will be "cleered” immediately
after it has boen sampled. In effect, this cperatiom will be an integrator in
the striot semse, and it is this output that gets a numerical value assigned
to it. Therefare, care shounld be taken in the design of this componeat.

e v i i st s . - sl sl i u .._.»_m.,,.a



An example of the integrator switcher may eppesar as follows:
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PULSE NO,2 c22 R22
D13 D23
ANAL NO. 3
i, _ H—a
~ ci3
PULSE NO.3 33 R23
’ |
ANAL NO,50 DISO ; i I
PO i 5 Ci50
PULSE NO,50 osn R250 POSITIVE VOLTAGE

(HOLD-OFF BIAS)

Rach of the analyzer filters would provide sn input to the switch. The omtput
would be weotified and integrated by the integiating cspmcitoras. The
capacitor would he sampled sequentially dy the pulses from the matrix. The
diocde D1l 1n the anclyzer signal lead 1s merely & half wave rectifier; the

’ other dicde, capacitor, and resistor, Doy, Coj, and Rp) serve as & clamp and
sampler. A positive biles voltags exceeding tne maximum integrated voltage
disconnecte the diodes Do, from the operation. When & negative pulse fronm

b the matrix overvides 'Lheegns, a partioular diode will conduct. Thie
conduction allovws the integrating ospacitor to discharge through the diode
and the resletors BRo, &nd Ry, the common losd resistor. The voltage caused
by the discharge cuivent through Ry, is the desired signal. It is desired
to kecp the resistance in the toltal circult as low ag possible to allow the
capacitor to become discharged 1n lees than 10 microsecomds. The diode
resistance can be minimived uy use of a high conduction diode. This implies
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the use of a lov impedance switching voitage from the matrix and & lov valus
for Rpy. A guess on Ry would be 1000 obme vith Rp; ab 470 apd almost any
germanium diode. This would give a discharge re e of about 2000 ohms.
If t = BRC ie to be 10°D, then

107 L
c:..ur or C ..0.005,:!
Such a valus of capacitance is relativsly easy to get in gtable values and
low leakage.
The voltage scross B; is to be converted and applied to the memory. An
analogue-to-digital voltage couverter is requirsd. The digital output mst

be in paralliel, The conversion mmst take place in considerably less than
20 microsaconds. The imput is very likely to appear as:

,‘—‘ZOPS -—*—~ 20;:;——*—-2@#54‘
el A

About 3/ of the period 1s useful or 15 m e. A couverter can "sllce™
the ahove to provide.

. y ! .

Al

T

b o
Ny

W

An suelogue~to-digital converter would essentially process the above
information by the operation of a digitsl storage register, & digital-to-
voltage conversion netvork, a pulse comparator, and a programming unit. The
P causos a ssries of decisions involving successive approximations,
and is actuated by a trigger pulse.

The output of the eight £1ip flops would be further gated through the
arithmetic structure to the cors memory and reset. This could complete the
initial phase of processing of data to present it to the memory.

The matrix svitching pulses to the smmlyzer integratiom capacitors vwill
be provided every 1/12 second, or the time interval required for the besa to
soar three degrees. The programming seguence will be 1092, 20 # second pulees
oocurring every 1/12 second.
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Only elemoptary programming instrumentation will be considered initially.
It is conocaivable to scan the 1092 integrators and resd their outputs during
the non-writing intervels. However, this type of programming will onhancs the
display, but not add to "the date or improve the processlng. Therefore, this
phase will be carried out at a later time.

The basic clock period source will be 50 ko (nomipal) square vave. Thie
will sliave, if necessary, to the synchromous scan. A bleck diegram of the
begic divider chain is ghown:

52 PLACE
MATRIX

50KG + 4096
212 T_
RE FERENCE
COUNT
TO R 4
52
- COUNT f-————-——
2

Required are 21 groupe of 52, 20 miorosecond spaced pulses. This will
ailov a meximum of 52 analyzer chanmels, of which 50 srs planned tc¢ be used.
The 21 groups will be used to represent the data In each of 21, 3 degree
besma., The scan rate 1s 36 degrees per second. The 21 beamwidths should
be filled in 1.T75 seconde.

The 50 kc freguency control signal will de divided by 212 op 4096 to 12 ops.
The 50 kc 1s & nominsl value, ©or it actually i3 very slightly lower, meking
the pulse pericds slightly greater than 20 microsecomds. The 12 ops pulses
are counted and paesed uwp to 21 in number. Thie action is oycled every 10
geconds by a 120 to I divider. Each time a 12 cycle pulse is passed, it gates
a grovp of 52, 20 jis pulses to the cors memory.

The output pulsee represent the refersnce or unliced pulses to the core
menory. The other pulses opsrating the unit shell be derived from them. The
time relationships of the other pulses to the reference or unload pulse appear
as follovs:
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UNLOAD Tl g | B
LOAD M e i1
SUBTRACT I i |
CLEAR M M
e e e SRR ey i

0 10 20 30 40 .S

The above three pulses will be derived from the umlosd pulee by means of
delay multividbrators.

The scamning will have to bs precisely regulated in gpeed to achisve the
maxisum degree of congruence of the successive overlying framss of data. For
this reason, it may be necessary eventuslly to slave a freguency control loop
Petween the scemming trapsducer and the 50 ke oscillator. Hovever, this is vo
be regerdsd as & second phese invesiigation effort.

Display

Optimm use of the tacticel dlsplay fsatures will not be incorporaisd
into the imitial lnstrumentation. There ave seversl reasons for not mriking
more effective use of the cepebility at this tims, but the priwary oms 1s
of complication of the imstrumentation. IV ig nob roascneble with the effort
planped to utilize the full cepability. Purthermpore, the effect may unot be
reaiistic ia s general cass, By this, it is meant that ounly = 63 degres
sector will be processed. The principle enhancemsnt of the display could be
meade principally by utilizing the "dcad” tims Dotwesn repetitions of the
soanning of this 63 degres sector.

The eight output loads of the core memory sve welighted im 2 binary mauner.
A parallel binary voltsge-to-snalogue converter cen be jnstrumented. For the
required sccuracy, 1 part in 256, e vacuum tube cethode follower suwatlon
oircuit cem be used. This output, nov in serial form, cen be dleplayed in
several ways. The most expeditious vwill be o use the memotron cscilloscope
snd establish 21 treces in & "B" gcan mamner. Inetezd of intensity modulatiom,
smplitude or A sosn data oen be interpossd on eaoh of the traces producing @
dieplay appearing as followe:




Tt 18 also planned Lo melks comparisons of dsta processed by the integrstors
ueing conventional PPI displays.

It ig also possible st the digitei-to-anslogue converter to introduce
rether siaply @ fived number so that only values greater than it will be
passed to the displey. This wight bo done in a latev phage of investigationm.
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